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HIGH PERFORMANCE FILTERS BASED ON INORGANIC 
FIBERS AND INORGANIC FIBER WHISKERS 

TECHNICAL FIELD OF THE INVENTION 

5 

The present invention is directed to novel high performance filters having 
characteristics suitable for use in various filtration applications, such as 
microfiltration. More particularly, this invention is directed to a novel high 
performance filter media comprising a blend of conventional carbon, ceramic, glass 
10 or silica fibers and inorganic fiber whiskers that is low in cost, durable, resistant to 
chemicals and high temperatures, not subject to particulation, high in mechanical 
strength and separation efficiency, and biocompatible. 



15 



BACKGROUND OF THE INVENTION 

The prior art provides many types of materials which remove, filter, or 
capture gases and particulate materials. These filters of the art, while fairly effective 
in the applications for which they were designed, do not offer the efficiency, 
performance, and durability demanded by new, high performance applications. 



20 



The demand for higher quality materials, reduced manufacturing costs, and 
environmentally clean processes is forcing industry to move away from traditional 
methods of separation and purification, such as distillation and pasteurization, towards 
the use of filtration. Filter systems are now capable of offering low energy, more 

25 efficient, and environmentally friendly operations. Unfortunately, the widespread use 
of high performance filtration is restricted by the lack of suitable filter media 
materials. Such media must offer low cost; durability; chemical resistance, 
particularly to acids and alkalis; resistance to high temperatures, for both operation 
and sterilization purposes; no particulation (i. e., release of filter media particles into 

30 the filtrate stream); mechanical strength to cope with pressure swings; separation 
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efficiency, particularly for particles in the 0.1 to 100 microns range; and 
biocompatibility for certain applications such as the filtration of blood. 



Table 1 below lists the currently available filter media materials together with 
5 their advantages and disadvantages. 



Table 1: Currently Available Filter Media Materials 



J Material 


Applications 
material is suitable 
for 


Maximum 
Operating 
Temo. (°C) 


Principle 
Advantages 


Principle 
Disadvantages 


Cotton 


Aqueous solutions, 
oils, fats, and waxes 


90 


Inexpensive 


Subject to 
fungal attack 


Nylon 


Acids, 
petrochemicals, and 
solvents 


150 


High strength and 
flexibility; long 
life, and good 
solids discharge 


Absorbs water 
and subject to 
attack by alkalis 


Polyester 


Acids, common 
organic solvents and 
oxidizing agents 


100 


Good strength and 
iiexiDiiity 


Subject to attack 
by alkalis 


PVC 


Acids and alkalis 


90 




May become 
brittle; and poor 
heat resistance 


PTFE 


Virtually all 
chemicals 


200 


Extreme chemical 
resistance 


High cost 


Polyethylen 
e 


Acids and alkalis 


70 




Softens at 
moderate 
temperatures 


Polypropyle 
ne 


Acids, alkalis, and 
solvents (except 
aromatics and 
chlorinated solvents) 


130 




Not suitable for 

use with 
aromatics and 
chlorinated 
solvents 


Glass fiber 


Concentrated hot 
acids, and chemical 
solutions 


250 


Wide range of hot 
or cold solvents 


Subject to attack 
by alkalis and 
some acids 


Stainless 
Steel 


Most environments 


> 300 


Good resistance to 
most environments 


Expensive and 
size range 
limitations 


Ceramics 


Most environments 


1000 


Good resistance to 
most environments 


Expensive and 
complex 

manufacturing 
methods 

required; and 

poor durability 
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As presented in Table 1, no one filtration material offers the required balance 
of properties needed for new, high performance applications. 

Ceramic filter media have made some inroads, however their acceptance is 
5 hampered by the following: high cost because expensive and complex manufacturing 
processes are required; susceptibility to attack by alkalis; limited durability because of 
their inherent brittleness; and difficulties in controlling pore size distribution and 
permeability, which are critical aspects of high performance filter media. 

10 High temperature composite materials, in which a ceramic or carbon matrix is 

reinforced with a continuous fiber, are used in a variety of applications. They are 
most commonly used in aircraft brakes. In this application, the braking material is 
made from a carbon matrix reinforced with carbon fibers (carbon/carbon or C/C). 
Such materials have a high mechanical strength and are capable of operating at 

15 extreme temperatures, up to 3000°C in a non oxidizing atmosphere. Composites in 
which both the reinforcing fiber and the matrix are both ceramic are used in specialty 
applications. In particular, they are used in aircraft engine parts where strength at 
high temperatures and low weight are needed. 

20 Such high temperature composite materials do offer some potential for use as 

filter media. For example, carbon/carbon composites, due to the excellent balance of 
properties, have found use as a filter support. USPN 4,944,996 discloses the use of a 
carbon/carbon support intended to receive a mineral membrane for separation 
procedures. USPN 4,500,328 discloses the use of carbon/carbon composites to filter 

25 radioactive waste, and the use of activated carbon fiber to increase surface area. 
USPN 5,183,546 discloses an electrochemical filter consisting of an electrically 
conductive fibrous material that contains microscopic particles of carbon or active 
charcoal. 

30 Ceramic matrix composites have been used as hot gas filters. USPN 

4,968,467 discloses the use of refractory ceramic fibers matted together with a high 
temperature binder, such as colloidal alumina or silica, to form a tube like "candle 
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filter." USPN 5,196,120 discloses the use of a ceramic fiber-ceramic composite filter 
composed of ceramic fibers, preferably texturized, a carbonaceous layer thereover, 
and a silicon carbide coating over the carbonaceous layer, which coats substantially all 
of the fibers. A strong, light weight filter is achieved. 

5 

Despite the advances made in the art, of which the above are examples, 
ceramic and carbon based composite materials have not previously been suited to high 
performance filtration. This is especially true for microfiltration because of the 
difficulties in achieving the required porosity, surface area and permeability required 

10 for efficient separation. In general, pore size distribution and the ability of the filter 
to retain or capture particulate matter is a function of the fiber diameter (Filters and 
Filtration Handbook , Third Edition, 1992). In the art outlined above, fiber diameters 
range from 7 microns for conventional carbon fibers to 100 microns and above for 
some ceramic fibers. The diameters of such fibers are too large. These fibers do not 

15 provide the small pores required for efficient small particulate retention. 

USPN 5,138,546 discloses the addition of small carbon or charcoal particles 
which improves surface area and particle capture ability. However, this type of filter 
is not suitable for most high performance applications, particularly in the foodstuffs 
20 and chemical industries. These structures exhibit poor bonding of the particles to the 
substrate. In addition, there is a tendency for such constructions to particulate, in 
other words, release undesired particles into the filtrate stream. Also, the addition of 
such particles can only be performed on a random basis. There is little control with 
respect to uniformity and positioning. 

25 

In light of the disadvantages of the prior art, there is therefore presently a need 
to develop high performance filter media capable of operating in the microfiltration 
regime which offer: low cost; durability; chemical resistance, particularly to acids 
and alkalis; resistance to high temperatures, for both operation and sterilization 
30 purposes; no particulation (i. e., release of filter media particles into the filtrate 
stream); mechanical strength to cope with pressure swings; separation efficiency, 
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particularly for particles in the 0.1 to 100 micron range; and biocompatibility for 
certain applications, such as the filtration of blood. 

SUMMARY OF THE INVENTION 

5 

It is therefore an object of the present invention to provide a filter media 
having a high degree of mechanical integrity and stiffness, which is capable of 
resisting pressure changes with pulsed flows. 

10 It is another object of the present invention to provide a filter media having 

controlled pore size. 



It is another object of the present invention to provide a filter media having a 
high level of permeability. 

15 

It is another object of the present invention to provide a filter media having a 
high flow rate through the filter media. 



It is another object of the present invention to provide a filter media having a 
20 low pressure drop across the filter media. 

It is another object of the present invention to provide a filter media, which in 
the microfiltration range, provides a pore size distribution sufficiently small to trap 
most particles in the range of about 0.05 to about 100 microns. 

25 

The present invention therefore provides a filter media including a structure 
comprising a blend of inorganic fibers and inorganic fiber whiskers. The filter media 
of the present invention is low in cost, durable, resistant to chemicals and high 
temperatures, not subject to particulation, high in mechanical strength and separation 
30 efficiency, biocompatible, has a high permeability, a high flow rate and a low 
pressure drop across the filter media. 



5 
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In one embodiment, the present invention also provides an activated high 
surface area filter media including a structure that is capable of microfiltration and 
adsorption, the filter media comprising a blend of activated carbon-containing 
inorganic fibers and inorganic fiber whiskers, wherein the filter media system has an 
5 interconnected porosity that is adapted to allow fluid to flow through the filter media 
system, and a pore size distribution that is adapted to capture particles having a 
diameter in the range of about 0. 1 to about 100 microns. 

The present invention further provides a method for preparing a filter media 
10 structure comprising mixing together inorganic fibers, inorganic fiber whiskers, an 
organic binder and water to form a slurry; removing excess water from said slurry by 
filtration; drying said slurry at a temperature sufficient to fuse the binder to form said 
filter media structure; and optionally heating said filter media structure at a 
temperature sufficient to burn off or carbonize the binder. In one embodiment, a thin 
15 layer of pyrolytic carbon is deposited on the surface of said inorganic fibers and said 
inorganic fiber whiskers to anchor said fibers and fiber whiskers together, further 
strengthening the high temperature filter media structure. 

The present invention provides a further method for preparing the filter media 
20 structure comprising inorganic fibers and inorganic fiber whiskers comprising mixing 
together inorganic fiber whiskers and a resin, impregnating said inorganic fibers with 
said inorganic fiber whisker/resin mixture to form a random assemblage of inorganic 
fibers and fiber whiskers; carbonizing said resin/inorganic fiber whisker impregnated 
inorganic fibers; and optionally depositing a thin layer of pyrolytic carbon on the 
25 surface and inside said inorganic fiber whisker/resin assemblage to strengthen the 
filter media structure. 

The present invention further provides a method for preparing an activated 
carbon containing high performance filter media structure having a high surface area 
30 and that is capable of microfiltration and adsorption comprising mixing together 
inorganic fibers, inorganic fiber whiskers, an organic binder and water to form a 
slurry; removing excess water from said slurry by filtration; drying said slurry at a 
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temperature sufficient to fuse the binder to form said filter media structure; optionally 
heating said filter media structure at a temperature sufficient to burn off or carbonize 
the binder; and partially oxidizing said filter media structure to activate at least one 
carbon constituent. In one embodiment, a thin layer of pyrolytic carbon may be 
5 deposited on the surface of said inorganic fibers and said inorganic fiber whiskers 
before carbonization of the binder to anchor said fibers and fiber whiskers together, 
further strengthening the high temperature filter media structure before partially 
oxidizing the filter media structure. Activation, by mild, partial oxidation, creates 
pores and develops a greater surface area within the carbon fibers. 

10 

The present invention further provides a method for preparing an activated 
carbon containing high performance filter media structure having a high surface area 
and that is capable of microfiltration and adsorption comprising providing activated 
inorganic fibers; mixing together activated inorganic fibers, inorganic fiber whiskers, 

15 an organic binder and water to form a slurry; removing excess water from said slurry 
by filtration; drying said slurry at a temperature sufficient to fuse the binder to form 
said filter media structure; and optionally heating said filter media structure at a 
temperature sufficient to burn off or to carbonize the binder. In one embodiment, the 
filter media structure is partially oxidized to further activate at least one carbon 

20 constituent. 

The present invention also provides a method for preparing an activated 
carbon-containing high performance filter media structure having a high surface area 
and that is capable of microfiltration and adsorption comprising activated carbon- 

25 containing inorganic fibers and inorganic fiber whiskers comprising: mixing 
together inorganic fibers and inorganic fiber whiskers to form a random assemblage 
of inorganic fibers and inorganic fiber whiskers; coating said random assemblage of 
inorganic fibers and inorganic fiber whiskers with one of carbon and a carbon- 
containing compound to form a filter media structure; carbonizing said filter media 

30 structure; and partially oxidizing said filter media structure to activate at least one 
carbon constituent. 
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In one embodiment, an activated carbon containing high performance filter media . 
structure having a high surface area and that is capable of microfiltration and adsorption is 
prepared comprising the steps of mixing together inorganic fiber whiskers and an organic 
resin, impregnating said inorganic fibers with said inorganic fiber whisker/resin mixture 
5 to form a random assemblage of inorganic fibers and fiber whiskers; carbonizing said 
inorganic fiber whisker/resin impregnated inorganic fibers; and partially oxidizing the 
filter media structure to activate at least one carbon constituent. 

The present invention provides a further method for preparing an activated 
10 carbon-containing high performance filter media structure comprising inorganic 
fibers and inorganic fiber whiskers comprising: providing a plurality of activated 
inorganic fibers; mixing together said activated inorganic fibers and inorganic fiber 
whiskers to form a random assemblage of activated inorganic fibers and inorganic 
fiber whiskers; coating said random assemblage of activated inorganic fibers and 
15 inorganic fiber whiskers with one of carbon and a carbon-containing compound to 
form a filter media structure; carbonizing said filter media structure; and optionally 
partially oxidizing said filter media structure to activate at least one carbon 
constituent. 

20 In one embodiment, an activated carbon containing high performance filter media 

structure having a high surface area and that is capable of microfiltration and adsorption is 
prepared comprising the steps of providing activated carbon containing inorganic fibers; 
mixing together inorganic fiber whiskers and an organic resin; impregnating said 
activated inorganic fibers with said inorganic fiber whisker/resin mixture to form a filter 

25 media structure comprising a random assemblage of inorganic fibers and fiber whiskers; 
carbonizing said filter media structure; and optionally partially oxidizing said filter media 
structure to further activate at least one carbon constituent. 
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BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 is a graph comparing the of removal of yeast particles by a filter 
paper comprising the filter media of the present invention, containing conventional 
5 carbon fibers and one of 10%, 25%, 50%, or 65% by volume of inorganic fiber 
whiskers. 

Figure 2 is a graph depicting filter fouling and cleanability characteristics of a 
filter paper comprising the filter media structure of the present invention, by 
10 measuring the pressure drop across the filter media structure as a function of flow. 

Figure 3 is a graph comparing the efficiency of particle retention by the high 
performance filter paper comprising the filter media compositions of the present 
invention, containing conventional carbon fibers and one of 0%, 10%, 25%, 50% or 
15 65 % by volume of inorganic fiber whiskers. 

DETAILED DESCRIPTION OF THE INVENTION 

The filter media of the present invention includes a filter media structure, 
20 which comprises a blend of conventional inorganic fibers, such as carbon, ceramic, 
glass or silica fibers and inorganic fiber whiskers. The filter media of the present 
invention comprises from about 5 to about 95 percent by volume of inorganic fibers 
and from about 5 to about 95 percent by volume of inorganic fiber whiskers, based on 
the total volume of the inorganic fibers and inorganic fiber whiskers. The 
25 conventional inorganic fibers are generally from about 1 to about 15 millimeters in 
length, more preferably from about 5 to about 10 millimeters in length. The 
inorganic fiber whiskers employed in the present invention are generally from about 3 
to about 5000 microns in length, more preferably about 5 to about 2000 microns in 
length, and most preferably from about 5 to about 300 microns in length. The 
30 conventional inorganic fibers are generally from about 3 to about 100 microns, 
preferably from about 3 microns to about 20 microns in diameter, and more 
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preferably about 5 to about 12 microns. The fiber whiskers employed in the present 
invention are generally from about 0.03 to about 5 microns in diameter, more 
preferably from about 0.05 to about 0.2 microns in diameter. The filter media of the 
present invention contains interconnected porosity, such that a fluid (gaseous or 
5 liquid) can flow through it. 

The filter media structure comprises conventional inorganic fibers, such as 
carbon and ceramic fibers and inorganic fiber whiskers. Carbon fibers are the most 
preferred inorganic fiber for use with the present filter media structure. Suitable 

10 carbon fibers are derived from PAN, pitch, or rayon precursors by methods well 
known in the art. The filter media structure may alternatively comprise ceramic 
fibers including, but not limited to silicon carbide, silicon nitride, aluminosilicate, 
silica, alumina, zirconia, ceria, glass and mixtures thereof. The inorganic fiber 
whiskers of the present invention may comprise at least one of alumina, carbon, ceria, 

15 zirconia, silica, glass, silicon carbide, silicon nitride, titanium carbide, titanium 
nitride and mixtures thereof. Carbon whiskers are the most preferred inorganic fiber 
whiskers for use in the filter media of the present invention. 

The filter media structure prepared according to the present invention is highly 
20 permeable, and the pore size distribution is tailorable to capture most particles in the 
range of about 0.05 to about 100 microns, preferably 0.05 to about 20 microns. This 
is enabled by the use of the differing amounts of the inorganic fiber whisker sizes, 
that are generally from about 0.05 to about 5 microns in diameter, more preferably 
from about 0.05 to about 0.2 microns in diameter. In the microfiltration and 
25 nanofiltration range, the filter media structure provides a pore size distribution 
sufficiently small to trap particles in the range of about 0.05 to about 2 microns, such 
as when the diameter of the smallest inorganic fiber whiskers is in the range of about 
0.05 to about 0.2 microns. 

30 As described hereinabove, the fiber whiskers useful in the present invention 

include carbon whiskers and ceramic whiskers, such as silicon carbide, silicon nitride, 
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titanium carbide, titanium nitride, silica, alumina, zirconia, ceria and glass. The most 
preferred fiber whiskers are carbon whiskers. Suitable carbon whiskers for use in the 
filter media and paper of the present invention, are vapor grown carbon whiskers 
having an average diameter from about 0. 1 to about 0.2 microns, prepared the method 
5 disclosed by U.S. Patent No. 5,594,060 (Alig et al). Although vapor grown carbon 
whiskers are particularly useful in the novel filter media structures, the present 
invention is not limited only to the above mentioned vapor grown carbon whiskers 
and, thus, other types of carbon fibrils, filaments, fibroids, whiskers, microfibers, 
nanofibers meeting the composition and sizes defined above, including but not limited 
10 to those prepared by the method disclosed by U.S. Patent No. 5,374,415 (Alig et al), 
U.S. Patent No. 5,691,054 (Tennent et al) and U.S. Patent No. 4,663,230 (Tennent) 
may comprise the carbon whisker component of the filter media structure of the 
present invention. 



15 The filter media of the present invention may be constructed in the form of a 

structure selected from the group consisting of papers; felts; needled felts; fabrics; 
flat, shaped or corrugated plates; tubes; open cylinders; and corrugated or pleated 
tubes and cylinders. 

20 The filter media of the present invention can be made into a filter paper having 

small pore diameters, to control the pore size and to trap small particles. The filter 
paper of the present invention is prepared by conventional means for preparing a 
ceramic paper, mat or sheet product, by forming a slurry of feltable inorganic fibers, 
and according to the present invention inorganic fiber whiskers, an organic binder and 

25 water, draining the excess water by filtration through a screen, while retaining the 
fiber/whisker/binder mixture, and drying the resulting mixture to remove excess 
moisture, forming a paper. The filter paper of the present invention may be prepared 
by any known paper-making method, such as that disclosed by United States Patent 
No. 3,510,394 (Cadotte), which is incorporated herein by reference. The filter paper 

30 is highly permeable, has a high flow rate and low pressure drop across the filter 
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paper. The filter paper may also be heat stabilized to higher temperatures depending 
on the end use and the organic binder used in making the paper. 

The filter media, if comprising carbon fibers, carbon fiber whiskers, and a 
5 stabilized or carbonized binder, is capable of operating at temperatures of up to about 
500°C in air and up to about 3000°C in a non-oxidizing atmosphere. For high 
temperature applications where higher strength is required, the filter paper of the 
present invention may be further strengthened by anchoring the inorganic fibers to 
each other by depositing a small amount of carbon on the fibers by chemical vapor 
10 deposition processes. The filter media, if comprising ceramic fibers and ceramic 
whiskers, is capable of operating at temperatures of up to about 2000°C in air and/or 
in a non-oxidizing atmosphere. The filter media of the present invention has high 
strength sufficient to resist loads imparted by fluctuating pressures, namely a strength 
defined as burst strength. 

15 

The filter media structures of the present invention may be used for 
microfiltration and adsorption, and may be used to selectively remove unwanted 
species in drinking water, milk, fruit juices, alcoholic beverages, such as beer and 
wine, cooking oil and other foodstuffs. The filter media structures of the present 
20 invention are particularly useful in removing microbial agents, such as bacteria, from 
drinking water, and other soluble contaminants, such as chlorine. 

The filter media structure of the present invention may be used for air 
filtration processes, such as removing unwanted particulates from air by 
25 microfiltration and removal of unwanted vapors by adsorption. The filter media 
structure are especially useful for air filtration apparatus and processes in hospitals, 
clean rooms and gas mask canisters. 

The filter media structure may also be used to purify blood, blood plasma and 
30 to purify chemically aggressive materials comprising acids, alkalis, solvents, and 
organic chemicals. In addition, the filter media structures may also be used to remove 
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particulate matter from air. In the activated state, the filter paper of the present 
invention can also remove chemical contaminants from gases and liquids. 



The filter media structures of the present invention may also be used to 
5 remove unwanted species or particles in mechanical industrial oils, such as motor oil, 
used in cooling or lubricating applications, wherein the oil is recirculating oil. The 
filter media structures of the present invention may also be adapted to remove 
unwanted particles from printing inks for use in inkjet printer applications. The filter 
media structures are especially useful for removing unwanted particles from inks that 
10 have been previously removed from printed paper products during paper recycling 
processes. 

The filter media structures of the present invention may also be adapted to 
remove unwanted species or particles from process water used in the electronics and 
15 pharmaceutical industries. 

The filter media structures of the present invention may be made into a filter 
paper by a conventional paper making method comprising mixing together 
conventional inorganic fibers, inorganic fiber whiskers, and an organic binder system. 
20 The inorganic fibers, inorganic fiber whiskers and organic binder are mixed to form a 
slurry in water. The slurry is filtered to remove excess water, and dried at a 
temperature sufficient to fuse the organic binder. Optionally, a thin layer of pyrolytic 
carbon is deposited on the surface of the filter paper after drying, by known methods, 
to strengthen the filter media structure and to prevent particulation of the fibers. 

25 

The organic binder system may be a water soluble or a water insoluble binder 
system. The water soluble binder may include, but are not limited to organic binders, 
such as polyvinyl alcohol, sodium alginate and water soluble phenolics. The water 
insoluble binder may include, but are not limited to organic binders, such as acrylates, 
30 methacrylates, polyesters and phenolics. 

13 
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Suitable phenolic resins useful in the present invention include, but are not 
limited to, phenolics commercially available under the trade designations USP 39 and 
91LD, such as supplied by Ashland Chemical, and SC1008 such as supplied by 
Borden Chemical. 



Suitable acrylic resins useful in the present invention include, but are not 
limited to, styrene acrylic resins commercially available under the trade designation 
Acronol 58885, from BASF Corporation. 

Suitable polyester resins include, but are not limited to, polyester resins 
commercially available under the trade designation, Eastman WD, supplied by 
Eastman Kodak. 



In another embodiment, the filter media of the present invention is made into a 
15 filter paper, felt or fabric by a method comprising mixing together inorganic fiber 
whiskers and a resin selected from the group consisting of phenolic, polyester and 
acrylic resins, and impregnating inorganic fibers with said inorganic fiber 
whisker/resin mixture. The filter media structure subsequently undergoes 
conventional carbon-carbon processing, including carbonizing said resin/inorganic 
20 fiber whisker impregnated inorganic fibers; and if desired, partially densifying said 
carbonized resin/inorganic fiber whisker impregnated inorganic fibers. Optionally, a 
thin layer of pyrolytic carbon is deposited on the surface of the inorganic fibers and 
inorganic fiber whiskers comprising the filter media structure, thus further cementing 
the inorganic fibers and the inorganic fiber whiskers together. 

25 

The resin/inorganic fiber whisker impregnated inorganic fibers may be formed 
into the desired shape on a tool or die. The molded filter media structures are heat- 
treated in an inert environment to temperatures from about 700°C to about 2900°C in 
order to convert the organic phases to carbon. The carbonized filter media structures 
30 of the present invention are then partially densified by any suitable densification 
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technique, such as chemical vapor infiltrations, or by multiple cycle reimpregnations 
and carbonizations. 



In one embodiment, the present invention also provides an activated carbon 
containing filter media including a structure having a high surface area and that is 
capable of microfiltration and adsorption, the filter media comprising a blend of 
activated carbon containing inorganic fibers and inorganic fiber whiskers. The filter 
media system has an interconnected porosity that is adapted to allow fluid to flow 
through the filter media system, and a pore size distribution that is adapted to capture 
particles having a diameter in the range of about 0. 1 to about 100 microns. The high 
surface area allows the media to function both as a microfilter and an adsorber. 

The term "activated "activation" or "surface activation" may be used 
interchangeably, throughout the specification, generally refer to the development of a high 
surface area on inorganic fibers, namely carbon fibers and carbon-coated inorganic fibers. 
Activation of the carbon fibers and the carbon-coated inorganic fibers can be achieved by 
thermal activation and chemical activation processes. Activation of the carbon fibers or 
carbon-coated inorganic fibers is preferably achieved by mild chemical oxidation. During 
chemical activation, functional groups are formed through the interaction of free radicals 
on the carbon surface with atoms in the atmosphere, such as oxygen and nitrogen. The 
functional groups render the surface of the carbon reactive and increase the adsorptive 
properties of the carbon fibers. 



In one preferred embodiment, the activated filter media structure is prepared 
by mixing together carbon containing inorganic fibers, inorganic fiber whiskers, an 
organic binder and water to form a slurry. The excess water is removed from the 
slurry by any known filtration techniques. The slurry is then dried at a temperature 
sufficient to fuse the binder to form the filter media structure. Optionally, the filter 
media structure is heated at a temperature sufficient to burn off or to carbonize the 
binder. The filter media structure is activated by mild oxidation to yield a high 
surface area media. In one alternative embodiment, before oxidizing the filter media 
structure, a thin layer of pyrolytic carbon is deposited on the surface of the inorganic 
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fibers and inorganic fiber whiskers to anchor the fibers and fiber whiskers together, 
further strengthening the high temperature filter media structure. 

Any binder that provides a high surface area upon carbonization can be used in 
5 the present invention. Binders that provides a high surface area upon carbonization 
include thermoplastic and thermosetting resin binders. Suitable thermosetting resins that 
provide a high surface area upon carbonization include, but are not limited to, polyester, 
vinyl ester, epoxy and phenolic binders. The preferred thermosetting resin that provides 
a high surface area upon carbonization is a phenolic resin binder. Suitable thermoplastic 
10 resin binders that provides a high surface area include, but are not limited to, acrylic 
polyether ketones (PEEK), polyether sulfones (PES) and polyether imides (PEI). 

In another preferred embodiment, the activated carbon containing filter media 
structure is prepared by first providing activated inorganic fibers. The activated 

15 carbon containing inorganic fibers are mixed together with inorganic fiber whiskers, 
an organic binder and water to form a slurry. The excess water is removed from the 
slurry by any known filtration technique. The slurry is dried at a temperature 
sufficient to fuse the binder to form the filter media structure. Optionally, the filter 
media structure is heated at a temperature sufficient to burn off or to carbonize the 

20 binder. 



The activated inorganic fibers can be prepared by mild oxidation of any 
conventional inorganic fibers described hereinabove. A preferred activated inorganic 
fiber that is useful for forming the activated filter media structure of the present invention 
25 are activated carbon fibers. Suitable activated carbon fibers are those commercially 
available from Actitex (France), and are a rayon based carbon fiber having a surface area 
in the range of about 1000 m 2 /g to about 1500 m 2 /g. 

Another preferred type of inorganic fibers useful in preparing the filter media 
30 structures of the present invention are carbon-coated silica fibers, which are prepared 
by coating microporous silica fibers with a phenolic resin, followed by carbonizing 
the phenolic resin as described in United States Patent No. 5,834,114 to Economy, 
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which is incorporated herein by reference. Carbon coated silica fibers exhibit surface 
areas in the range of about 500 m 2 /g to about 1000m 2 /g. Due to the accessibility of 
the pores in the microporous silica fibers, the fibers also exhibit fast adsorption 
kinetics. 

5 

In another preferred embodiment, the present invention provides a method for 
preparing an activated carbon-containing high performance filter media structure 
having a high surface area comprising activated carbon-containing inorganic fibers 
and inorganic fiber whiskers comprising mixing together inorganic fibers and 
10 inorganic fiber whiskers to form a random assemblage of inorganic fibers and 
inorganic fiber whiskers. The random assemblage of inorganic fibers and fiber 
whiskers is then coated with either carbon or a carbon-containing compound to form 
a filter media structure. The filter media structure is then carbonized and partially 
oxidized to activate at least one carbon constituent. 

15 

The carbon may be deposited on the random assemblage of inorganic fibers and 
fiber whiskers by any suitable chemical vapor deposition process. Alternatively, the 
random assemblage of fibers and fiber whiskers can be coated with a carbon-containing 
compound, such as a thermoplastic or thermosetting resin, that provides a high surface 
20 area upon carbonization can be used in the present invention. 

In a variation of this embodiment, the activated carbon containing filter media 
structure comprising a blend of inorganic fibers and inorganic fiber whiskers can be 
prepared by first mixing together inorganic fiber whiskers and an organic resin to 

25 form a mixture. The inorganic fibers are impregnated with the inorganic fiber 
whisker/resin mixture to form a random assemblage of inorganic fibers and fiber 
whiskers. The resin/inorganic fiber whisker impregnated inorganic fibers are then 
carbonized. Optionally, a thin layer of pyrolytic carbon is deposited on the surface 
and inside said inorganic fiber whisker/resin assemblage to strengthen the filter media 

30 structure. The filter media structure is then activated, by partial oxidization, to yield 

a high surface area media structure, containing activated carbon that is capable of both 

microfiltration and adsorption. The inorganic fibers may contain activated carbon by 
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being carbon fibers that have been activated, by being carbon coated inorganic fibers 
whose carbon coating has been activated, or by being inorganic fibers impregnated 
with a resin that is carbonized and activated. 

5 The carbon-containing compound that may provide a high surface area upon 

carbonization may be the same as the thermoplastic and thermosetting resin binders 
described hereinabove. Suitable thermosetting resins that provide a high surface 
area upon carbonization include, but are not limited to, polyester, vinyl ester, epoxy 
and phenolic binders. The preferred thermosetting resin that provides a high surface 
10 area upon carbonization is a phenolic resin binder. Suitable thermoplastic resin 
binders that may provide a high surface area include, but are not limited to, acrylic, 
polyether ketone (PEEK), polyether sulfone (PES) and polyether imide (PEI) resins. 

In another embodiment, an activated carbon-containing high performance 
15 filter media structure comprising inorganic fibers and inorganic fiber whiskers is 
prepared by providing a plurality of activated inorganic fibers. The activated 
inorganic fibers are mixed together with inorganic fiber whiskers to form a random 
assemblage of activated inorganic fibers and inorganic fiber whiskers. The random 
assemblage of activated inorganic fibers and inorganic fiber whiskers is coated with 
20 one of carbon and a carbon-containing compound to form a filter media structure. 
The coated filter media structure is carbonized to provide an activated filter media 
structure having a high surface area and that is capable of microfiltration and 
adsorption. Optionally, partially oxidizing said filter media structure to activate at 
least one carbon constituent. 

25 

In a variation of this embodiment, the activated carbon containing filter 

media structure comprising activated inorganic fibers and inorganic fiber whiskers 

can be prepared by first providing activated inorganic fibers. The inorganic fiber 

whiskers and an organic resin are combined together to form a mixture. The 

30 activated inorganic fibers are impregnated with the inorganic fiber whisker/resin 

mixture to form a random assemblage of activated inorganic fibers and fiber 

whiskers. A thin layer of pyrolytic carbon is optionally deposited on the surface 
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and inside of said random assemblage of inorganic fibers and inorganic fiber 
whiskers to strengthen the filter media structure. The random assemblage of 
inorganic fibers and inorganic fiber whiskers is coated with an organic resin. The 
organic resin coated random assemblage of inorganic fibers and inorganic fiber 
5 whiskers is carbonized to produce a filter media having a high surface area. 

SPECIFIC EMBODIMENTS 

The above described filter media offers substantial versatility in construction 
10 such that a variety of constructions can be produced in order to cope with different 
filter applications. Variations in the inorganic fiber whiskers may be made, such as 
whisker type (carbon or different types of ceramic whiskers); whisker density (amount 
of whiskers, based on the total volume of the inorganic fibers and inorganic 
whiskers); average whisker diameter (from about 0.03 to about 5 microns, more 
15 preferably from about 0.03 to about 0.2 microns); whisker length (from about 3 to 
about 5000 microns, and preferably from about 5 to about 300 microns); and whisker 
configuration (straight or branched). Variations in the conventional inorganic fiber 
may be made, such as, type of fiber (pitch, PAN, or rayon based carbon fibers and/or 
various ceramic fibers, such as silicon carbide, silicon nitride, aluminosilicate, silica, 
20 glass, alumina, ceria, zirconia and the like). 

The pressure drop across the filter media structures of the present invention is 
generally from about 0.1 millibar to about 500 millibar, more preferably from about 
1.5 millibar to about 150 millibar and most preferably from about 5 millibar to about 
25 15 millibar. The low pressure drop across the filter media structures of the present 
invention allows for increased flow or throughput of materials through the filter media 
structure, thus lowering the energy costs associated with conventional pumping 
processes. 
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The filter media of the present invention has a flow rate across the filter media 
from about 10 liters/nrVhour to about 25,000 hters/mVhour, preferably from about 20 
liters/nrVhour to about 500 liter/m 2 /hour. 

The filter media of the present invention also has a strength sufficient to resist 
loads imparted by fluctuating pressures. 

GENERAL EXPERIMENTAL 



10 



A filter paper comprising a blend of inorganic fibers and fiber whiskers according 
to the present invention was prepared by a conventional paper making method as 
described hereinabove, and was tested for the ability to remove particulate matter from a 
feed solution. Filter fouling characteristics, cleanability characteristics and cumulative 
particle retention efficiency of the filter media and filter paper were evaluated by 
15 conventional filtration test methods. 

Figure 1 depicts the ability of filter papers comprising the filter media of the 
present invention, containing 10 percent by volume, 25 percent by volume, 50 percent by 
volume and 65 percent by volume of inorganic fiber whiskers, based on the total volume 

20 of the conventional inorganic fibers and fiber whiskers, to remove or capture yeast 
particles from a feed solution. The results shown in Figure 1 demonstrate that the filter 
media structure of the present invention, comprising a blend of inorganic fibers and fiber 
whiskers, effectively captures or removes yeast particles having particle sizes in the range 
of about 0.28 to about 0.55 microns from a feed solution. Figure 1 also shows the ability 

25 of the filter media structure to capture or remove yeast particles increases as the inorganic 
whisker content of the filter media structure increases. 

Figure 2 depicts the filter fouling and cleanability characteristics of a filter 
paper made comprising the filter media of the present invention. Filter fouling was 
30 evaluated by measuring the pressure drop across the filter paper as a function of the 
permeate flux (liters/meterVhour). Permeate flux, as used throughout the 
specification, refers to the measure of the flow of a feed solution across a unit area of 
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the filter media per unit time. The filter paper of the present invention was used to 
filter three separate test feeds in succession: 1) Pre-Test clean water; 2) a yeast 
particle-containing solution; and 3) Post-Test clean water. As shown in Figure 2, the 
filter paper of the present invention has an initial pressure drop of about 12 mbar at a 
5 permeate flux of 500 (liters/meteAhour). After filtering a feed solution containing 
yeast particles and subsequent cleaning, the filter paper exhibited a pressure drop of 
about 15 mbar at a permeate flux of 500 (liters/meterVhour). With time, the pressure 
drop across the filter paper increases as yeast particles build up on the filter paper. 
However, upon cleaning, the filter paper regains similar pressure drop characteristics 
10 as compared to a new filter paper, which has not previously been subjected to the 
filtration process. Therefore, the results demonstrate that the filter media structure of 
the present can be easily cleaned and used in subsequent filtration processes, without 
loss of particle retention efficiency. 

15 Figures 3 depicts the cumulative particle retention efficiency of the filter paper 

of the present invention, containing 0 percent by volume (comparative), 10 percent by 
volume, 25 percent by volume, and 50 percent by volume of inorganic fiber whiskers, 
based on the total volume of the conventional inorganic fibers and fiber whiskers, as a 
function of particle size (microns). The results shown in Figure 3 further demonstrate 

20 that the filter media structure of the present invention, containing from about 10 
percent by volume to about 50 percent by volume of inorganic fiber whiskers is 
highly effective at capturing or removing particles from a feed solution, having a 
particle size from about 1 micron to about 10 microns. The results shown in Figure 3 
further demonstrate that the filter media structure of the present invention, containing 

25 from about 25 percent by volume to about 65 percent by volume of inorganic fiber 
whiskers, are highly effective at capturing or removing particles from a feed solution, 
having a particle size from about 0. 1 to about 1 micron. 

Filter papers comprising the filter media of the present invention were 
30 evaluated for the ability to filter or remove unwanted yeast particles from beer 
products following the brewing process. The objective of beer filtration is to remove 
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all unwanted yeast particles remaining in the beer after the brewing process. It is also 
desirable to remove unwanted proteins, which contribute to haziness of the beer 
during the cooling process. A resulting beer product should be free of all unwanted 
yeast particles and haze-causing proteins, while retaining the proteins that are 
responsible for the taste and head retention of the beer. 

To test the filter papers comprising the filter media of the present invention, a 
filtration test was used in which the yeast particles were removed from previously 
unfiltered beer following the brewing process. 



0 



The results of the filtration test demonstrate that the filter media structures of 
the present invention exhibited continued operation at high flow rates, namely 100 
liters/m 2 /h. The filter media structures of the present invention experienced very low 
pressures drop, namely, from about 5 millibar to about 15 millibar without significant 
5 fouling or particle build-up on the filter media structure. The filter media structure 
retained particle retention efficiency without, noticeable evidence of performance 
deterioration after cleaning of the filter media structure. An excellent clarity beer, 
having good head retention and taste, resulted from filtration with the filter media 
structure of the present invention, indicating that the unwanted yeast particles and 
undesired proteins were removed. 



Conventional filters for filtering unwanted yeast particles from beer products 
employ various filtering substances, such as the diatomaceous earth, Kieselguhr. The 
filtering substance, Kieselguhr, however, is only moderately effective in removing 
yeast particles from beer, and many health and safety hazards are associated with its 
disposal. In contrast, the filter media structures of the present invention do not 
require any further filtering substances, such as diatomaceous earth. 

The state of the art ceramic filters presently used for beer filtration require a 
cross flow velocity of about 360 m/min, to prevent build up or fouling of the filter 
structure. In contrast, the filter media structures of the present invention, based on a 
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blend of inorganic fibers and inorganic fiber whiskers, requires a cross flow velocity 
of only about 10 m/min. A filtration system based on the filter media structures of 
the present invention, due its high permeability are, therefore, capable of operating at 
lower pumps speeds. The ability to operate at lower pumps speeds results in a 
5 corresponding decrease in the production costs of beer products. 

The results of the filtration tests above demonstrate that the performance of the 
filter media structures, based on a blend of inorganic fibers and inorganic fiber 
whiskers, is superior in comparison to the state of the art ceramic filters, and other 
10 conventional filters requiring additional filtering substances, such as diatomaceous 
earth. 

The high performance filter media structures of the present invention were 
evaluated for the ability to remove unwanted particulates from air. The tests were 

15 conducted using a sodium chloride smoke according to BS 4000, which measures the 
penetration of the sodium chloride smoke through the filter media. The particle sizes 
within the sodium chloride smoke were from about 0.05 microns to about 0.6 
microns. Two different filter media compositions, namely fiberrwhisker blends of 
50:50 and 65:35, were tested for penetration of sodium chloride through the filter 

20 media. 

A filter media prepared according to the present invention comprising a 
fiber:whisker blend of 50:50 exhibited a particle retention efficiency of about 100 
percent. The filter media comprising a fibenwhisker blend of 65:35 exhibited a 
25 particle efficiency of about 99.34 percent. The particle retention efficiency of both 
filter media were compared to the leading glass fiber filtration media, commercially 
available Lydall, Inc. under the trademark L YD AIR®, which exhibited a particle 
retention efficiency of 99.97 percent. 

30 The results of the air filtration tests above demonstrate that the performance of 

the filter media structures, based on a blend of inorganic fibers and inorganic fiber 
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whiskers, is comparable or superior to the state of the art glass fiber filtration media, 
with the added advantage that the inventive filter media is heat resistant and strong. 
Whereas conventional glass filtration media cannot be activated, the filtration media 
of the present invention may activated to produce a filtration media and filtration 
media structures having a high surface area that are capable of adsorption of vapors 
and gases. 



The filter media structures of the present invention differ from prior filter 
media and filter media structures in that, according to one embodiment of the present 
10 invention, the filter media structure is prepared by the mixing or blending of inorganic 
fibers, inorganic fiber whiskers and an organic binder. The mixture of inorganic 
fibers, inorganic fiber whiskers and an organic binder is made into paper by 
conventional paper-making techniques. 

15 A filter media structure is prepared by impregnating a felt or fabric 

comprising carbon fibers with a resin/inorganic fiber whisker mixture, followed by 
subsequent carbon-carbon processing. The filter media structure prepared according 
to the present embodiment may comprise inorganic fiber whiskers of only one 
diameter or may be bimodal, comprising inorganic fiber whiskers having two 

20 different diameters. Previous filters include only a filter media structure comprising 
carbon whiskers grown directly on a carbon-carbon substrate. 

The filter media structure of the present invention may be bimodal in 
composition. The term bimodal refers to a filter media structure comprising inorganic 
25 fiber whiskers having a particular diameter, inorganic fiber whiskers having a 
diameter smaller than the diameter of the inorganic fibers and an organic binder. 

The filter media structure of the present invention may also be a trimodal 
composition. The term trimodal refers to a filter media structure comprising a 
30 mixture or blend of inorganic fibers and inorganic fiber whiskers having three 
different diameters and an organic binder. For example, a filter paper prepared 
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according to the present invention may comprise from 5 to about 40 percent by 
volume of inorganic fibers having a diameter from about 5 to about 20 microns, based 
on the total volume of inorganic fibers and fiber whiskers. The inorganic fibers are 
mixed or blended with about 10 to about 50 percent by volume of inorganic fiber 
5 whiskers, having a diameter of about 0.1 to about 0.3 microns, based on the total 
volume of inorganic fibers and inorganic fiber whiskers, and about 10 to about 85 
percent by volume of inorganic fiber whiskers, having a diameter of about 0.03 to 
about 0.06 microns, based on the total volume of the inorganic fibers and fiber 
whiskers. The resulting trimodal filter media structure prepared according to the 
10 present invention is capable of filtering particles having a particle size in the range of 
about 0.03 to about 0.06 microns. 

The present invention therefore provides a filter media structure that can be 
made into the form of a filter paper comprising a mixture of conventional inorganic 

15 fibers and inorganic fiber whiskers, having a high permeability, high flow rate and a 
low pressure drop across the filter paper. The present invention further provides an 
activated filter media structure prepared by either activating the carbon present in the 
filter media structure or, alternatively, by adding activated carbon constituents to the 
other filter media constituents, also having a high permeability, high flow rate and a 

20 low pressure drop across the filter paper. 

The objects of the present invention are accomplished by the production and 
use of high performance filter media structure comprising a blend of inorganic fibers 
and inorganic fiber whiskers for use as a filter media system. The advantages of this 
25 filter media with respect to durability, chemical and high temperature resistance, 
particulation, mechanical strength, particle retention efficiency, and high permeability 
have been demonstrated. It should be understood that the present invention is not 
limited to the specific embodiments described above, but includes the variations, 
modifications, and equivalent embodiments that are defined by the following claims. 
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1. A high performance filter media including a structure comprising a blend of 
inorganic fibers and inorganic fiber whiskers, wherein the filter media has an 
5 interconnected porosity that is adapted to allow fluid to flow through the filter media, 
and a pore size distribution that is adapted to capture particles having a diameter in the 
range of about 0.1 to about 100 microns, and wherein the filter media is adapted for 
at least one of microfiltration and adsorption. 

10 2. The high performance filter media, according to claim 1, wherein the 
inorganic fibers are selected from the group consisting of carbon fibers, activated 
carbon fibers, ceramic fibers and substantially carbon-coated activated ceramic fibers. 

3. The high performance filter media, according to claim 2, wherein the carbon 
15 fibers and activated carbon fibers are derived from a precursor fiber selected from the 

group consisting of PAN, pitch or rayon. 

4. The high performance filter media, according to claim 2, wherein the ceramic 
fibers are selected from the group consisting of silicon carbide, silicon nitride, 

20 aluminosilicate, glass, silica, alumina, zirconia, ceria and mixtures thereof. 

5. The high performance filter media of claim 2, wherein the substantially 
carbon-coated activated ceramic fibers are selected from the group consisting of 
carbon-coated silicon carbide, carbon-coated silicon nitride, carbon-coated 

25 aluminosilicate, carbon-coated glass, carbon-coated silica, carbon-coated alumina, 
carbon-coated zirconia, carbon-coated ceria and mixtures thereof. 

6. The high performance filter media, according to claim 1, wherein the 
inorganic fiber whiskers are selected from the group consisting of carbon, activated 

30 carbon, silicon carbide, silicon nitride, titanium carbide, titanium nitride, alumina, 
zirconia, ceria, silica, glass and mixtures thereof. 
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7. The filter media, according to claim 1, wherein the filter media structure 
comprises about 5 to about 95 weight percent inorganic fibers and wherein the filter 
media comprises about 5 to about 95 weight percent inorganic fiber whiskers, based 
on the total volume of the inorganic fibers and the fiber whiskers. 

8. The filter media, according to claim 1, wherein the fibers have a length of 
about 1 to about 15 millimeters and a diameter of about 3 to about 100 microns. 



9. The filter media, according to claim 1, wherein the fiber whiskers have a 
10 length of about 3 to about 5000 microns and a diameter of about 0.03 to about 5 

microns. 

10. The filter media, according to claim 1, wherein the filter media structure is 
selected from the group consisting of paper, felt, needled felt, woven fabric and non- 
15 woven fabric. 

11. The filter media, according to claim 1, wherein said filter media has a 
permeability as measured by a pressure drop across the filter media from about 0.1 
millibar to about 500 millibar. 

20 

12. The filter media, according to claim 1, having a flow rate through the filter 
media from about 10 liters/m 2 /h to about 25,000 liters/m 2 /h. 

13. The filter media, according to claim 1, wherein said filter media after cleaning 
25 has a particle retention efficiency similar to unused filter media. 

14. The filter media, according to claim 1, wherein said filter media has strength 
sufficient to resist loads imparted by fluctuating pressures. 

30 15. The filter media, according to claim 1, wherein said filter media comprises 
conventional carbon fibers and carbon whiskers, and wherein said filter media is 
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operable at temperatures of from the freezing point of the first condensing gas to 
about 500°C in air and up to about 3000°C in a non-oxidizing atmosphere. 

16. The filter media, according to claim 1, wherein said filter media comprises 
5 conventional ceramic fibers and ceramic whiskers, and wherein said filter media is 

operable at temperatures of up to about two-thirds of the lowest melting temperature 
of the ceramic fibers and whiskers comprising said filter media. 

17. The activated filter media, according to claim 1, wherein said filter media is 
10 adapted for use in at least one of: i) microfiltration processes, ii) nanofiltration 

processes, iii) high purity filtration processes, iv) use in removing unwanted species 
from process water, v) selectively removing unwanted species in foodstuffs, vi) 
removing unwanted species from drinking water, vii) selectively removing unwanted 
species in milk, viii) selectively removing unwanted species in fruit juices, ix) 

15 selectively removing unwanted species in alcoholic beverages, x) selectively removing 
unwanted species in cooking oil, xi) purifying whole blood and blood plasma, xii) 
purifying chemically aggressive materials, xiii) purifying acids, xiv) purifying alkalis, 
xv) purifying solvents, xvi) purifying organic chemicals, xvii) removing unwanted 
particles from industrial oils, xviii) removing unwanted particles, xix) removing fibers 

20 and unwanted particles from printing ink, and xx) removing particulate matter from 
the air. 



18. A method for preparing a filter media structure comprising inorganic fibers 
and inorganic fiber whiskers, said filter media having an interconnected porosity that 
25 is adapted to allow fluid to flow through the filter media, and a pore size distribution 
that is adapted to capture particles having a diameter in the range of about 0.1 to 
about 100 microns, and wherein said filter media is adapted for at least one of 
microfiltration and adsorption comprising the steps of: 

mixing together inorganic fibers; inorganic fiber whiskers; a binder and water 
30 to form a slurry; 

removing the excess water from the slurry by filtration; 
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drying said slurry at a temperature sufficient to fuse the binder to form said 
filter media structure; and optionally 

burning off the binder or carbonizing said filter media structure. 

5 19. The method of claim 18, further comprising partially oxidizing said filter 
media structure to activate at least one carbon constituent. 

20. A method for preparing a filter media structure comprising inorganic fibers 
and inorganic fiber whiskers, said filter media having an interconnected porosity that 

10 is adapted to allow fluid to flow through the filter media, and a pore size distribution 
that is adapted to capture particles having a diameter in the range of about 0.1 to 
about 100 microns, and wherein said filter media is adapted for at least one of 
microfiltration and adsorption comprising the steps of: 

mixing together inorganic fibers and inorganic fiber whiskers to form a 
15 random assemblage of inorganic fibers and inorganic fiber whiskers; 

coating said random assemblage of inorganic fibers and inorganic fiber 
whiskers with one of carbon and a carbon-containing compound to form a filter media 
structure; and 

carbonizing said filter media structure. 

20 

21. The method of claim 20, further comprising partially oxidizing said filter 
media structure to activate at least one carbon constituent. 

22. The method of claim 20, wherein said carbon is derived from a chemical vapor 
25 deposition process . 

23. The method of claim 20, wherein the carbon-containing compound is an 
organic resin. 

30 24. The method according to claim 23, wherein the carbon-containing organic 
resin is selected from the group consisting of thermoplastic and thermosetting resins. 
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25. The method of claim 24, wherein the thermosetting resin is selected from the 
group consisting of polyester, vinyl ester, epoxy and phenolic resins. 

26. The method of claim 25, wherein the thermosetting resin is a phenolic resin 

5 

27. The method of claim 24, wherein the thermoplastic resin is selected from the 
group consisting of acrylic, polyether ketone, polyether sulfone, and polyether imide 
resins. 

10 28. The method according to claims 19 or 20, wherein the inorganic fibers are 
selected from the group consisting of carbon fibers, activated carbon fibers, ceramic 
fibers and substantially carbon-coated ceramic fibers. 

29. The method according to claim 28, wherein the carbon fibers and activated 
15 carbon fibers are derived from a precursor selected from the group consisting of 

PAN, pitch or rayon. 

30. The method according to claim 28, wherein the ceramic fibers are selected 
from the group consisting of silicon carbide, silicon nitride, aluminosilicate, glass, 

20 silica alumina, ceria, zirconia and mixtures thereof. 

31. The method according to claim 28, wherein the substantially carbon-coated 

ceramic fibers are selected from the group consisting of carbon-coated silicon carbide, 

carbon-coated silicon nitride, carbon-coated aluminosilicate, carbon-coated glass 

25 carbon-coated silica, carbon-coated alumina, carbon-coated ceria, carbon-coated 
zirconia and mixtures thereof. 

32. The method according to claims 19 or 20, wherein the inorganic fiber 
whiskers are selected from the group consisting of carbon, activated-carbon, silicon 

30 carbide, silicon nitride, titanium carbide, titanium nitride, alumina, ceria, silica, 
zirconia and mixtures thereof. 
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33. The method according to claims 19 or 20, wherein the filter media comprises 
about 5 to about 95 volume percent inorganic fibers and from about 5 to about 95 
volume percent inorganic fiber whiskers based on the total volume of the inorganic 
fibers and the fiber whiskers. 

34. The method according to claims 19 or 20, wherein the inorganic fiber have a 
length of about 1 to about 15 millimeters and a diameter of about 3 to about 100 
microns. 

35. The method according to claims 19 or 20, wherein inorganic fiber whiskers 
have a length of about 3 to about 5000 microns and a diameter of about 0.03 to about 
5 microns. 
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